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will and is playing a significant role in improving
care provision and in developing the technology
that clinicians use.
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The transition to Net Zero requires a multi-
stakeholder approach, and nowhere is this more
evident than in healthcare. Engineers have a
huge role to play here, not only in designing and
implementing sustainable healthcare solutions
but also in fostering collaboration across
disciplines and industries to ensure a healthier
and more sustainable future for all.
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Foreword

Over the last 100 years global healthcare provision
has increased, leading to better health outcomes
and increased life expectancies across many parts
of the world. At the same time, our consumption

of our planet’'s resources has grown exponentially,
which has led to the emergence of an unintended
threat, one that poses dangers to the health of every
member of the global population. This is, of course,
climate change.

The impacts of climate change on health are
profound. More frequent natural disasters, pressures
on food systems, and an increase in vector borne
diseases pile pressure on health systems globally,
exacerbating existing inequalities around the world.
In the UK we are not immune to this, with increasing
weather extremes already directly and indirectly
impacting our population, and therefore our

health services.

The recognition of this now dominating crisis

has caused countries to take stock of their
contributions to global climate change and develop
responses, with the UK becoming the world’s first
major economy to pass laws pledging to end its
contribution to climate change.

To achieve this, action is required across all sectors,
including healthcare, which itself contributes
significantly to climate change, despite its mission to
maintain and improve public health.

As Europe's biggest employer and one the UK's
largest landowners, the NHS is responsible for
around 4% of the UK's carbon emissions. This
burden was acknowledged in October 2020 when
England’'s NHS became the world's first health

Rachel Stancliffe

service to commit to reaching carbon Net Zero, for
the emissions it controls directly by 2040, and the
emissions it can influence by 2045, by following the
route outlined by the 'Delivering a ‘Net Zero' National
Health Service’ report. Similar promises have since
been made by NHS organisations across the UK's
other nations.

Over recent years, NHS trusts across the UK have
mobilised to work towards this goal, supported
by Greener NHS and many other organisations,
addressing all aspects of the way healthcare
functions. This ranges from designing new and
retrofitting existing healthcare facilities, engaging
and educating healthcare professionals in
sustainable healthcare practice, to working with
supply chains and industry to cut emissions.

To implement these plans, meet improved standards,
and discover new solutions will rely on a huge
interdisciplinary effort. One discipline that touches
every aspect of the healthcare's Net Zero journey

is engineering. Without a significant contribution
from engineers in improving existing facilities and
equipment, or engineers in academia and industry
working on novel solutions to complex sustainability
challenges, achieving Net Zero within healthcare
goal will be impossible.

This report by the Institution of Mechanical
Engineers underscores engineering's role and acts
as a timely and important call to arms to engineers,
funders, academia, industry, and healthcare
providers to join together to create an environment
that supports engineering to fulfil its potential within
healthcare and play a key role in achieving the NHS's
Net Zero ambition.

Founder and CEO of the Centre for Sustainable Healthcare

imeche.org



Abbreviations

Key messages at a glance

Abbreviation

Definition

AAC Accelerated Access Collaborative

ABHI Association of British HealthTech Industries
BMA British Medical Association

CAA Civil Aviation Authority

CRP Carbon Reduction Plan

DFU Diabetic foot ulcer

DHSC Department of Health and Social Care

DPN Diabetic peripheral neuropathy

EDaS Elegant Design and Solutions Ltd

FDI Foreign direct investment

HCWH Health Care Without Harm

IDAP Innovative Devices Access Pathway

IMechE Institution of Mechanical Engineers

IPCC Intergovernmental Panel on Climate Change
IPEM Institute of Physics and Engineering in Medicine
LDC Less developed country

LIHE London Institute for Healthcare Engineering
MHRA Medicines and Healthcare products Regulatory Agency
MPCE Medical Physics and Clinical Engineering
NAP3 Third National Adaptation Programme

NDFA National Diabetes Foot Care Audit

NHS National Health Service

NHSE NHS England

NIHR National Institute for Health and Care Research
NO, Nitrogen dioxide

PEI Professional engineering institution

PM2.5 Particulate matter 2.5 micrometres or smaller
PPE Personal protective equipment

PTP Practitioner Training Programme

SBRI Small Business Research Initiative

SME Small and medium-sized enterprise

STP Scientist Training Programme

TDA Temporary danger area

UKCA UK Conformity Assessed

UKRI UK Research and Innovation

UN United Nations

WHO World Health Organization
6

Transforming healthcare

Facilitating collaborative innovation in
healthcare by promoting partnerships
between engineers, healthcare
providers, academia, and industry to
develop sustainable solutions.

Creating a supportive funding and
regulatory environment to empower
engineers, small and medium-sized
enterprises (SMEs), and industry to
tackle sustainability challenges within
healthcare.

Integration of engineering expertise in
healthcare systems.

Industry engagement and
accountability through sustainability
measurements, supporting robust

emission measurement and compliance

monitoring.

Development of a coherent government
strategy linking the environmental crisis
to patient care that includes plans to
address climate change related impacts
on health.

imeche.org

To encourage and support the development of
solutions within the healthcare sector and achieve
Net Zero aspirations, strategic enhancement of
knowledge generation and sharing mechanisms,
both within and across the UK's four nations and
among the NHS, academia, professional engineering
institutions, patients, and industry, is imperative.

To support the development and deployment of
solutions and empower engineers, SMEs, and
industry to tackle sustainability challenges within
the healthcare sector, an expansion of dedicated
funding mechanisms will be required, alongside an
evolution of the regulatory landscape that enables
innovation to flourish.

To facilitate the transition to a more technologically
advanced and sustainable healthcare system, it is
essential for hospitals and NHS trusts to integrate
engineering seamlessly into their standard
practices.

To tackle the largest contributor to healthcare's
greenhouse gas footprint, its supply chain, industry
partners and suppliers must work with healthcare
providers and the government to help achieve
targets relating to supply chain emissions, using
realistic and robust measures.

To encourage the transition to a more sustainable
health service and achieve relevant targets,
increased public support and a broader
understanding of the interconnectedness of climate
change and health are required.



Executive summary

If the health sector were a country, it would be the
fifth largest emitter on the planet, with a climate
footprint equivalent to the annual greenhouse

gas emissions from 514 coal-fired power plants.
This contribution was estimated in 2019 by Health
Care Without Harm (HCWC), in partnership with UK
consultancy firm Arup, to be equivalent to 4.4% of
global net emissions.!"

Healthcare's substantial contribution to global
climate change through its emissions seems
paradoxical considering that climate change is
perceived as one of the biggest threats to human
health globally.?

HCWH defines the UK, along with many other
developed countries,®a ‘'major emitter'.MIn an
attempt to address this problem, in 2020, England'’s
National Health Service (NHS) became the world's
first health service to commit to reaching ‘Carbon
Net Zero' and released its 'Delivering a ‘Net Zero'
National Health Service' report to outline how

this would be achieved.” In 2022, this goal was
embedded into legislation through the Health

and Care Act.® Shortly after NHS England’s 2020
commitment, the health services in Wales and
Scotland outlined similar targets.’”

The targets set by each UK nation are a positive step
in correcting healthcare's course towards a more
sustainable delivery system. However, coordinated
action will be required on a large scale to build,
refurbish, and modernise healthcare facilities, fleets,
supply chains, and practices in every setting. The
big challenge for healthcare comes in balancing the
need to change practices with maintaining patient
safety and without increasing the financial burden
on stretched healthcare systems.

Engineers will be essential in delivering a Net Zero
health service, both in the UK and globally, by
designing, developing, deploying, and maintaining
structures, machines, systems, materials, and
processes to solve the challenges facing the
healthcare sector.

imeche.org

Engineering already is and must continue to play
a significant role in improving care provision and
in developing the technology that clinicians use. It
is then that engineers, working alongside leaders
in finance, policy, and strategy roles, that can
support and drive the uptake of sustainable and
green technology alternatives for the healthcare
sector going forward. Some of these technologies,
explored within this report, are already having a
significant impact on population health and well-
being, yet their adoption remains limited on a
large scale.

Decarbonisation of the healthcare sectoris a
challenge that countries around the world will need
to address if the goals of the Paris Agreement

are to be achieved. Less Developed Countries
(LDCs) face distinct challenges in establishing
sustainable healthcare systems, including securing
reliable electricity and clean water supplies, and
maintaining sustainable cold chains for medication
and vaccinations. However, this presents an
opportunity for foundational establishment of
sustainable practices. The UK is in a good position
to become an international leader in this space,

as many look to the NHS as a model in setting Net
Zero targets, reducing emissions, and technology
uptake. By actively supporting the sharing of best
practices and expertise across borders, the UK can
contribute significantly to the global efforts to foster
sustainability within healthcare systems.

However, there are many existing barriers that
engineers and the engineering profession generally
face when developing, testing, and deploying new
technologies in healthcare systems.

This report explores the sustainability challenges
facing healthcare, the positive steps taken across
the UK to address them, and how engineering

can and already is contributing to healthcare's
Net Zero transition.



Recommendations

The Institution of Mechanical Engineers makes these recommendations that apply to
the following actors across the United Kingdom's four nations. Further details can be
found in the report.

Departments, funders, and regulatory bodies run through central government relating to
healthcare, eg. DHSC, MHRA, NIHR, Innovate UK.

Healthcare

National Health Services in England, Scotland, and Wales and Health and Social Care in
Northern Ireland, and associated bodies and local providers of public healthcare.

Higher Education

Universities and institutions that are active in teaching and research relating to engineering
and health disciplines.

Industry

Companies that develop and sell services relating to health and its sustainable delivery.
Includes organisations from small and medium enterprises to large multinationals.

Professional Engineering Institutions

Bodies that are responsible for licensing and accrediting engineering education courses in
the UK, as well as chartering engineers and promoting policy advice to government.

1. Facilitating collaborative innovation in healthcare by promoting
partnerships between engineers, healthcare providers, academia,
and industry to develop sustainable solutions.

To encourage and support the development of solutions within the healthcare sector
and achieve Net Zero aspirations, strategic enhancement of knowledge generation and
sharing mechanisms, both within and across the UK's four nations and among the NHS,
academia, professional engineering institutions, patients, and industry, is imperative.
Courses of action should include the following:

* Creation of opportunities for engineers in industry and academia to engage with
healthcare settings and work alongside clinicians to gain a first-hand understanding
of the challenges faced by healthcare providers and develop innovative solutions
that directly address the unique needs of the healthcare sector. In the first case, this
could involve sandpit events and workshops, following the example set by some
health innovation networks, and supported by NHS trusts, Professional Engineering
Institutions, and universities.

Healthcare Professional Engineering Institutions Higher Education
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Transforming healthcare

* Creation and implementation of a centralised knowledge-exchange platform to
facilitate the seamless exchange of knowledge and best practices between hospitals
and industry. This will serve as an opportunity to share success stories, lessons
learned, and collaborative opportunities and prevent the duplication of efforts.

2.Creating a supportive funding and regulatory environment to
empower engineers, small and medium-sized enterprises (SMEs),
and industry to tackle sustainability challenges within healthcare.

To support the development and deployment of solutions and empower engineers,
SMEs, and industry to tackle sustainability challenges within the healthcare sector, an
expansion of dedicated funding mechanisms will be required, alongside an evolution of
the regulatory landscape that enables innovation to flourish. In particular the following
are needed:

* Enhanced funding mechanisms, with a specific focus on sustainability challenges.
Building on the Net Zero-specific initiatives led by the SBRI Healthcare programme,
there is a need for more targeted calls with a focus on sustainability and increased
encouragement for university involvement. Capitalising on the success of Innovate
UK's Biomedical Catalyst funding, governments should consider expanding similar
initiatives to further stimulate innovation.

» Targeted Net Zero funding for hospitals. Hospitals are under extreme financial
pressures, and while there is a desire to achieve Net Zero and more sustainable
healthcare systems, it is not a priority given current constraints. If governments are
serious about achieving sustainability goals, targeted funding for hospitals should
be prioritised to empower them to improve existing equipment and implement
innovative novel technologies, guided by Net Zero boards and informed by engineers.
Technologies that lead to cost savings as well as environmental and patient benefits
should continue to be prioritised and promoted, to increase awareness of the
advantages of innovating in healthcare. Hospitals can act as test-beds for new
low carbon technologies, but this needs to be supported financially and by simple
procurement mechanisms.

* A streamlined regulatory process and support for companies to navigate this. Use the
current review of medical device regulations to work towards understanding current
barriers and simplifying regulatory requirements for sustainability-focused innovations,
learning lessons from the Covid-19 response and reducing the time it takes for
innovations to get to market. New regulations should lower the regulatory burden while
maintaining world-leading safety standards, which will be particularly beneficial to
SMEs. The UK has an opportunity to develop an innovative and responsive regulatory
system, and regulatory bodies should work with industry-led organisations like the
Association of British HealthTech Industries (ABHI) to guide this development.

imeche.org
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3.Integration of engineering expertise in healthcare systems.

To facilitate the transition to a more technologically advanced and sustainable healthcare
system, it is essential for hospitals and NHS trusts to integrate engineering seamlessly
into their standard practices.

* Facilitating engineering innovation within healthcare settings. The NHS should explore
further opportunities for clinical engineers employed by the NHS to work closer with
colleagues in hospitals as part of the clinical team and develop tailored solutions to
Net Zero challenges. This should be supported with the provision of further roles for
engineers at the decision-making level of healthcare organisations, where they can
provide technical expertise and oversight to support healthcare's Net Zero transition.
This is already occurring in some settings, but a consistent approach across healthcare
is required.

* Workforce planning in collaboration with professional engineering institutions to
assess the current and future needs of clinical engineers within hospitals to support
the integration of new technologies.

Healthcare Professional Engineering Institutions

* Promoting and enhancing pathways to biomedical engineering careers through a
joined-up approach to training environmental progression. Healthcare providers
should continue to develop their apprenticeship, T-level, and training opportunities for
engineers and provide attractive and uniformly recognised roles across healthcare.
They should be supported by professional engineering institutions, who should work
with the National School of Healthcare Science to actively promote biomedical or
clinical engineering as an attractive and exciting career opportunity to implement
problem-solving skills in a high-impact sector.

Healthcare Professional Engineering Institutions Higher Education

4.Industry engagement and accountability through sustainability
measurements, supporting robust emission measurement and
compliance monitoring.

To tackle the largest contributor to healthcare's greenhouse gas footprint, its supply
chain, industry partners and suppliers must work with healthcare providers and the
government to help achieve targets relating to supply chain emissions, using realistic and
robust measures.

* Incentivising sustainability practices in the supply chain. While it is right to question
the impact of supply chains as identified in the Net Zero Supplier Roadmap, it needs
to be done in a considered, supported, and practical manner to ensure responsibility
is not shifted down the supply chain. The NHS should continue to work collaboratively
with industry representatives, such as the ABHI, to understand the underlying
challenges to decarbonising the supply chain and develop consistent monitoring
practices and tools across the supply chain to engagement, such as the Evergreen
Sustainable Supplier Assessment.

Healthcare

12 Transforming healthcare

* Emission measurements and compliance monitoring. With the NHS already under
pressure, consideration of effective emission measurements and compliance
monitoring is needed. Ideally, robust mechanisms, involving regular assessments,
audit, and reporting obligations would be implemented. The NHS should work with
industry and the National Measurement Laboratories to consider the practicalities
of monitoring.

5.Development of a coherent government strategy linking the
environmental crisis to patient care that includes plans to address
climate change related impacts on health.

To encourage the transition to a more sustainable health service and achieve relevant
targets, increased public support and a broader understanding of the interconnectedness
of climate change and health are required.

* Development of a UK-wide strategy, linking the ongoing environmental crisis to patient
care, placing the environment and patient outcomes at its core. This strategy should
emphasise the interconnection between climate change and health, the need for
urgent solutions, and the importance of technology acceptance by patients.

* A public awareness campaign is essential to address the declining support and
awareness of the impact of the healthcare sector on the environment and support the
uptake of new technologies. This could include sharing with patients details on the
carbon footprint of the care they receive.

w Healthcare Higher Education

imeche.org
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Unsustainable healthcare

The climate change—healthcare nexus

What is Net Zero?

Put simply, Net Zero means cutting greenhouse gas emissions to as close to zero
as possible, with any remaining emissions re-absorbed from the atmosphere, for

instance, by oceans and forests.

What is sustainable healthcare?

~ N
UNITED NATIONS

t‘/’/@ World Health
|

7L

The World Health Organization (WHO) defines an environmentally sustainable NS b‘y Orgamzatmn
health system as one that improves, maintains, or restores health while

minimising negative impacts on the environment and leveraging opportunities to restore and improve it,
benefitting the health and well-being of current and future generations.&!

The impact of climate on
human health

In its Sixth Assessment Report, the
Intergovernmental Panel on Climate Change (IPCC)
stated that human activities have unequivocally
caused global warming, a statement supported

by over 99% of the climate-related peer-reviewed
scientific literature.l*'% Changes in the atmosphere
of the Earth, oceans, cryosphere, and biosphere
as a result of increased temperatures have
transformed weather extremes across the planet.
This has increased the incidence and severity of
adverse weather events, threatening nature and
people in every region of the globe.

During the 2023 United Nations (UN) General
Assembly in New York, the WHO revealed estimates
that one in four deaths can be attributed to
preventable environmental causes,"" leading Dr
Vanessa Kerry, WHO's Director-General Special
Envoy for Climate Change and Health, to label
climate change as “the biggest threat to health in
the 21st century”.?

The effects of climate change on health are
widespread (Figure 2). It can act both as a 'threat
multiplier',"'? exacerbating existing dangers to
human health, and also create new risks. Extreme
weather events like heatwaves, floods, droughts,
and wildfires lead to direct and indirect health
impacts on the communities that they affect, which
are often those that are most vulnerable. Direct
impacts include injuries and fatalities from extreme

imeche.org
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events or heat-related illnesses during heatwaves,
while indirect health impacts from climate change
can be attributed to reduced water quality or
malnutrition resulting from a disruption to food
systems after a disaster strikes.['®! Additionally,
mental health challenges have been associated with
rising temperatures, trauma from extreme events,
and loss of livelihoods and culture.®

Although the effects of climate change on health
are disproportionately weighted towards those
countries that have contributed the least to the
climate crisis,® its threat to human health in
historically high-emitting countries, such as the
United Kingdom, is also significant. During the
summer of 2022, the UK's fourth hottest summer on
record,l 2,985 excess deaths were observed, the
highest since 2004 when records began.['518!

Another symptom of human-induced climate change
is poor air quality, which the UK government views

as "the largest environmental risk to public health in
the UK"'"Indeed, the number of deaths attributable
to air pollution in 2019 was estimated to be between
26,000 and 38,000.""8In 2018, Public Health England
(now the UK Health Security Agency) estimated the
cost of air pollution to the NHS and social care to be
£1.6 billion for particulate matter 2.5 micrometres or
smaller (PM2.5) and nitrogen dioxide (NO,) combined.
9 Countries such as the UK may see further indirect
effects of rising global temperatures, with scientists
predicting that higher temperatures will continue to
increase the incidence of infectious diseases that are
usually associated with tropical countries.[2%21
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The impact of climate change on health is was equivalent to 4.4% of global net emissions.M
undeniable, both in the UK and globally. However, the  This is comparable to the annual greenhouse gas
IPCC provides some cause for optimism. Their 2023 emissions from 514 coal-fired power plants, and if

How does climate change
affect health?

10 greenhouse gag leve
\ooal atmosphere and g¢; dif Is
yoceans/

Extreme weather
and climate events

Affects plant and
animal growth

Rising sea levels and
warmer oceans

Climate-sensitive
health risks
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Air quality Food and Disease Extreme heat Social impacts

water security and weather

report states that air quality and health in particular
would benefit from deep, rapid, and sustained
mitigation and accelerated implementation of
adaptation actions this decade.”! It is messages
such as this that should act as a call to arms for

all nations in the fight against climate change. By
identifying and addressing its biggest drivers and
utilising transdisciplinary collaboration, including
engineering expertise, nations can catalyse rapid
and meaningful change.

The impact of healthcare on climate

Given the severe threat that climate change
presents to global health, it is paradoxical that a
substantial contributor to human-induced climate
change is the global healthcare sector itself.

In 2019, NGO Health Care Without Harm (HCWH),
in partnership with the UK consultancy firm Arup,
estimated that healthcare's climate footprint

Co, CH, N,O
Scope 2
Indirect
—
purchased
goods and Scope 3
services R
Indirect
-
capital
goods
leased assets
purchased electricity,

@ steam, heating and a
°°°°°° cooling forown use —
fueland employee

energy related commuting

activities
:"QEE x

‘ ' business

transportation travel
and distribution waste generated
in operations

the health sector were a country, it would be the fifth
largest emitter on the planet.

The sources of the healthcare sector’'s emissions
varied across three scopes (Figure 3):

* Scope 1: emissions directly from healthcare
facilities and healthcare owned vehicles (17% of
total emissions);

* Scope 2: indirect emissions from purchased
energy sources such as electricity (12% of total
emissions); and

* Scope 3: all other indirect emissions, including
from healthcare's supply chain (71% of total
emissions).

The UK is no exception to this pattern. Currently,
emissions from the NHS alone make up 4% of
England'’s carbon footprint,’and when broken down
(Figure 4), this follows a similar pattern to the global
estimates presented by HCWH.

HFCs  PFCs SF,
Scope 1
Direct
N8y
transportation Indirect

and distribution

=

processing of

compan
pany sold products

facilities

Al dyd
company

vehicles use of sold

products

end-of-life treatment
of sold products

Upstream activities

Reporting Company Downstream activities

Figure 2. How climate change affects health explained. Adapted from Wellcome Trust
https://wellcome.org/news/how-climate-change-affects-health-explained

Figure 3. Overview of GHG protocol scopes and emissions across the value chain. Adapted from Greenhouse Gas Protocol.
https://ghgprotocol.ora/sites/default/files/standards/Corporate-Value-Chain-Accounting-Reporing-Standard_041613_2.pdf
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Flgure 4. Sources of carbon emissions by proportion of NHS Carbon Footprint Plus. Adapted from NHS England.

Various supply chain components make up 62% of
NHS England'’s (NHSE's) Carbon Footprint Plus (the
entire scope of NHS emissions); patient and visitor
travel, staff commute, and commissioned health
services outside the NHS contribute around 14%;
and direct emissions from the NHS vehicle fleet,
building energy, anaesthetic gases, inhalers, and
water and waste make up the remaining 24% of the
organisation’s carbon emissions.

Focus of this report

Across all of the scopes characterised by HCWH and
NHSE, there are numerous challenges to overcome if
healthcare is to become more sustainable and reduce
its negative impact on the climate, all of which require
engineering expertise to be tackled effectively.

The challenges vary greatly depending on the
healthcare setting in question, but all countries are

imeche.org

faced with unsustainable aspects of healthcare
systems. However, as it is classified by HCWH

as a 'major emitter'," this report will focus on the
healthcare systems, technologies, and associated
challenges present in the UK. Many of the challenges
and subsequent recommendations outlined can

be applied in healthcare settings across the world,
and this is encouraged since international cross-
collaboration will be a key factor in decarbonising
healthcare globally.

This report will outline the strategies and steps being
taken by the UK's public health providers to facilitate
a Net Zero transition, explore the current role of
engineering in healthcare, and discuss the barriers
the discipline faces to effectively contributing to

this goal. It then outlines recommendations that will
enable engineering to overcome these challenges
and the next steps required to act on them.
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Transitioning healthcare
to Net Zero

In 2020, NHS England embarked on an ambitious
journey outlined in the report ‘Delivering a ‘Net Zero'
National Health Service’, aiming to make the NHS
the world'’s first Net Zero health service by 2045.
This was broken down into two clear targets: NHS
Carbon Footprint Net Zero by 2040, which covers
the emissions they control directly, and achieving
Net Zero for the NHS Carbon Footprint Plus, the
emissions they can influence, by 2045.

This commitment has since been echoed in Wales
and Scotland. In Scotland, a Net Zero health service
by 2040 target has been set and driven by the
Scottish Government.!! Scotland has also set a
target of 2045 for decarbonising sources it does
not control but can influence, such as the supply
chain, staff commuting, and patient and visitor
travel. Wales has committed to a minimum reduction
in emissions of 34% by 2030 to meet the wider

goal of a Net Zero public sector by 2030.1" Notably,
Northern Ireland has yet to establish a specific
target, although it did join the 2021 commitment

to become Net Zero and build climate resilience
through the COP26 Health Programme.??

The NHS has made substantial progress in
becoming more sustainable and less carbon
intensive, with various initiatives implemented

at both the organisational and national levels.
England, for instance, witnessed a reduction in its
NHS Carbon Footprint Plus (emissions the NHS can
influence rather than control) from 27.3 MtCO.e in
2015 to 25.0 MtCO_e in 2019." However, an analysis
by the British Medical Association (BMA) found that
reporting is inconsistent across the country, and
where calculations have been carried out, the data
indicate a slowdown in progress.?®

Efforts to make practices more sustainable have
included measures such as reducing the number of
petrol and diesel vehicles in NHS fleets, adopting
sustainable lighting, and incorporating renewable
energy sources.”! Some trusts have made further
progress than others by employing dedicated
staff, upgrading building efficiency, switching to
renewable energy, and changing procurement
practices.

However, there are challenges in advancing beyond
these initial achievements. Without dedicated
funding, significant strides towards a sustainable

20

healthcare system might be hindered, particularly
considering the substantial pressures NHS
organisations are under. The desire and willingness
are there, but funding is desperately needed to
catalyse significant improvements.

Consistent measurement and reporting of carbon
emissions is critical for assessing progress.
One-third of NHS organisations that responded
to the BMA survey reported not measuring their
carbon emissions, highlighting the need for
universal monitoring practices.?® National guidance,
standards, and tools related to carbon monitoring
and training support could standardise practices
across the NHS, fostering fair comparisons and
encouraging collective action towards achieving
Net Zero targets.

Net Zero healthcare: A global
opportunity for the UK

The UK's healthcare facilities and practices have
been continually developed over the last seventy-
five years, with many hospitals being constructed
before the NHS's creation in 1948.24 Many of these
are using medical devices that are now considered
outdated.?® Economic pressures limit the number
of new hospitals the NHS can build, meaning that
decarbonisation strategies must focus on the
significant existing stock and technologies used
within them, where there are the most gains to be
made. This includes how hospitals receive energy,
how existing medical devices and equipment are
managed and upgraded, and how waste is treated.
For example, when considering how healthcare
facilities are heated, the Scottish Government
issued a policy for NHS Scotland that sets a target
that all NHS-owned buildings in the country must be
heated by renewable sources by 2038 or earlier,?®
which in most cases will require replacement of the
current heating system used.

The challenges faced by less developed countries
(LDCs) in building sustainable healthcare systems
are very different from those faced in the UK. This
includes consideration of how hospitals can secure
areliable electricity supply, a clean water supply, and
how they can guarantee the existence of sustainable
cold chains for medication and vaccinations.

Transforming healthcare

However, it could be argued that the lack of these
features could enable such nations to establish
sustainable practices at a foundational level rather
than adapting what is already there, as the UK
must do.

The UK, with its depth of knowledge and experience
in how both sustainable and unsustainable
healthcare practices operate, is in a unique

position to support LDCs in developing sustainable
healthcare systems. By being an international leader
in transitioning its healthcare systems to Net Zero
emissions, the UK can act as a model country in
sustainable healthcare practices and deploy its
world-leading experts to address the engineering
challenges faced in different healthcare settings
across the world.
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The UK is leading sustainable
healthcare research, from new
plastics technologies through to
testing reusable drapes and gowns
in the major DRAGON randomised
trial. This research will influence
NHS practices, and rapidly
disseminate outside of UK borders.
Aneel Bhangu

Professor of Global Surgery at the
University of Birmingham
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The engineering response:

How wrill engineers meet the challenges
posed by Net Zero healthcare?

In 2019, the UK became the first major economy

to enshrine its Net Zero commitments into law,
committing to the ambitious target of bringing all
greenhouse gas emissions to Net Zero by 2050.%27
Reaching this goal, integral to the achievement of
the objective set out by the 2015 Paris Agreement
to limit global warming to 1.5°C above preindustrial
levels, relies on the expertise of many disciplines,
including engineers.?8 Technical knowledge and
the ability to deploy systems approaches make
engineers indispensable assets in arguably the most
ambitious engineering project ever undertaken.

The expertise of engineers will be relevant
across all sectors in the Net Zero transition, not
least within healthcare, where an abundance

of opportunities exists for engineers to have a
positive impact, from the smallest single-use
devices for testing and surgical applications to
the vehicles driven by emergency responders.
The IMechE has highlighted the engineering
community’s willingness and potential to make
a difference by highlighting 'Healthcare and
infectious disease control’ as one of its four key
policy priorities within its ‘Strategy 2030".12%

This section of the report will explore the broad
areas through which engineering can contribute to

a Net Zero healthcare system, particularly in the UK,
before considering the biggest challenges that must
be overcome if this goal is to be achieved. Finally, it
will showcase inspiring examples of engineers and
innovators who are already facilitating the transition
to a Net Zero healthcare system.

Healthcare problems require
engineering solutions

The potential for engineers to contribute towards
a Net Zero healthcare system is vast,
encompassing a range of direct actions. Some of
these are explored below.

Estates and facilities

The operation of NHSE's facilities contributes 15%
of its ‘Carbon Footprint Plus’, 10% of which comes
from providing buildings with energy. To address
this, NHSE has published its ‘Net Zero Building
Standard’, which outlines the performance criteria
relating to various elements of Net Zero carbon
building for NHS construction and renovation
projects.®" Engineering innovations are essential
to support the building of new Net Zero hospitals
and renovation projects that follow the standard.
This includes insulating, lighting, air conditioning,
ventilation, and hot water solutions, all of which

will also be vital in retrofitting existing healthcare
facilities. Importantly, this also includes how energy
and heat are generated for hospitals and where
different renewable or low-carbon technologies
can be beneficial for certain facilities. For example,
where local opportunities exist, such as geothermal
or nuclear, they must be considered. The NHS
predicts that the majority of sites will require a
‘dominance’ of heat pump technologies, supported
by renewable electricity and battery storage when
demand is high." However, a significant threat

Clinical Engineering is a speciality within biomedical engineering responsible
primarily for applying and implementing medical technology to optimise

healthcare delivery.

Clinical engineering is a scientific discipline with a wide scope, offering diverse
job roles that make significant impacts on patient care. Many engineers have
patient-facing roles operating in areas where there is a high degree of data
complexity such as gait analysis, urodynamics or rehabilitation engineering.
Many others have system-level roles controlling the flow of medical equipment
within the hospital, influencing clinical service design and developing clinico-
technical innovations. A few work in the area of novel device design. Many
clinical scientists in engineering will lead research or support the research of

others as part of their job profile.

National School of Healthcare Science!*”
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Adapting hospitals to heat

Itis estimated that 90% of the UK’'s NHS hospital buildings are vulnerable to overheating, even during
moderately warm summers.23 As the incidence and intensity of heatwaves increases in the UK, the
potential for impact on healthcare delivery is substantial. This was showcased during the 2022 summer
heatwave, when one-fifth of UK hospitals cancelled operations,* with unsafe theatre environments

a key factor behind this. Overheating is considered in the Net Zero Building Standard, and the Third
National Adaptation Programme (NAP3) pledges to support NHS trusts in incorporating climate change
adaption within their Green Plans by 2027.5% Engineers will be vital for ensuring that the design and
construction of new and retrofitted hospitals consider how to incorporate passive and sustainable

cooling systems alongside Net Zero features.

to the heat pump industry as a whole is a lack of
skilled engineers, something that will need to be
addressed for the NHS to cut emissions from its

new and existing facilities.* The role of engineers

in transitioning NHS facilities is further underlined

in the Net Zero Building Standard's key roles, where
they are named under the '‘Designers’ role, and

they are responsible for much of the design and
compliance aspects of building and renovation work.

Travel and transport

Transportation contributes notably to healthcare's
carbon footprint, both in the UK and abroad. Ina
2021 survey conducted by the BMA, it was found
that an average of 83% of vehicles in the NHS fleet
use petrol or diesel, 8% are hybrid, and 9% are
electric.?®! Around 14% of NHSE's total emissions
come from road travel, both directly from its fleet
and from staff and visitor travel.! To reduce this
contribution, it is essential that the balance of the
NHS's fleet is moved towards electric vehicles,

a strategy promised in both NHS England’s and
Scotland’s Net Zero Strategies,*¢ with NHSE
providing specific targets in late 2023.5%¢! For many
vehicles present in the service, this is achievable,
but as outlined in the IMechE's 2023 report on

the automotive industry, it will require significant
charging point rollout to become a reality.?” To
facilitate such a transition, specialist engineers are
needed to maintain an electric vehicle fleet and
develop innovative solutions to challenges, such as
that posed by the electrification of ambulances.

While the electrification of the NHSE's fleet is a

key step towards Net Zero healthcare in England,
patient and visitor travel, which is outside of NHSE's
direct control, contributes 6% of total emissions

to its Carbon Footprint Plus.™
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A 2019 study by independent statutory body
Healthwatch found that driving is the most
common mode of transport for people travelling to
appointments in England,’®*® and it is often the only
realistic option for patients. Reducing the need for
patient and staff travel through telemedicine could
have a positive impact on emissions while making
services more accessible,* but in the case of
remote digital care, this can also present risks."
The healthcare sector will benefit from improved
infrastructure for public transport and active travel
as all sectors transition to Net Zero.

Supply chain

Decarbonising the supply chain is the largest
obstacle facing most nations looking to improve
the sustainability of their healthcare systems.
However, providers are generally able to use
their purchasing power to bring about change.
This will require specific engineering innovations,
depending on the devices, procedures, or
processes in question, alongside a consistent,
system-wide approach to monitoring and reporting
emissions. Specific ways in which engineers are
already tackling emissions within healthcare's
supply chain are explored later in this report.

Waste management

In England, the NHS produces around 156,000
tonnes of clinical waste annually, in addition to
other waste not deemed to be ‘clinical’“"

In 2023, NHSE published a strategy to tackle this
issue, which it predicts will save approximately
£11 million each year in recurrent revenue costs
and 30% of carbon emissions generated from
the current waste system, which largely relies on
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the high-temperature incineration of waste.[*"
Engineering solutions that enable reprocessing
and reuse of medical equipment, clothing, and
devices can play a significant role in reducing costs
and emissions in this difficult-to-tackle sector.

Medicines and medical devices

A combined 30% of the NHS's Carbon Footprint
Plus is attributed to medicines and medical
equipment (20% and 10%, respectively). Inhalers
(3%) and anaesthetic gases (2%) make notable
contributions to the Carbon Footprint Plus for
NHSE. Innovations that utilise different medicine
delivery mechanisms in inhalers and that can
capture, reuse, or destroy nitrous gas used in
anaesthesia are underpinned by engineering
principles.

The reuse and remanufacture of medical
equipment can help to transition healthcare away
from a heavy reliance on single-use devices, and
engineers will be important in identifying the most
sustainable methods for decontaminating and
remanufacturing devices, such as catheters and
surgical instruments.“24% |n addition to reducing
carbon emissions and the volume of single-

use waste in the NHS, such processes can also
reduce the reliance on the supply of raw materials
and components, an issue highlighted by trade
restrictions resulting from the war in Ukraine and
the recent shipping crisis in the Red Sea.*4

24

Engineering’s wider impacts

Additionally, engineers play a crucial role in
designing and implementing solutions that promote
and improve public health, including efficient
sanitation systems, technologies for clean water
access, and designing infrastructure to mitigate
environmental hazards and ensure clean air.
Engineers contribute significantly to reducing the
burden on healthcare systems and fostering a
healthier society overall.

Across all engineering challenges faced in
transitioning healthcare to Net Zero, there is a
difficult balancing act present. When we invest

in new technologies, there is an initial increase in
emissions through their supply chain, manufacture,
and waste, contributing to the climate crisis overall
and thus exacerbating health problems. Therefore,
the relative costs and benefits of any option must
be considered before engineering solutions are
deployed, as well as where we can align actions
between sectors. It is when making such decisions
that collaboration between engineers and other
disciplines including experts in science, public
health, strategy, policy, and finance, will be vital.

Transforming healthcare

Engineering in action:

How innovative engineers are making

a positive difference

Engineers across the NHS are integral to keeping
the health service functioning through the constant
monitoring and maintenance of essential medical
equipment, medical gas supplies, and the heating
and ventilation systems that support hospitals.

The number and skillsets of engineers who work in
healthcare settings require evaluation if the NHS
is to achieve its Net Zero ambitions, a suggestion
explored later in this report. Additionally, on

top of these 'day-to-day’ functions, engineers

can develop innovative solutions to some of
healthcare's most challenging sustainability

Case study

questions to help improve the greenhouse gas
emission profile of healthcare in the UK.

Inspiring examples of such solutions, supported
by grant funding from UK government-supported
initiatives, such as the Accelerated Access
Collaborative (AAC)-backed Small Business
Research Initiative (SBRI) Healthcare, s have been
profiled within this report. These case studies
serve as an example of the impact that engineers
can have when they work alongside healthcare
professionals to tackle some of the biggest
sustainability challenges facing the sector.

Case study

Envirolieye

>l
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Case study .\SEN

1

What problem was faced?

Approximately 3.5% of road travel in England is related
to the NHS, a figure equivalent to 9.5 billion miles. This
contributes to around 14% of NHS England's Carbon
Footprint Plus.

A proportion of these road miles come from the
delivery of critical and patient-specific medical
supplies, such as chemotherapy drugs, pathology
samples, and antibiotics. Often, the patient-specific
nature of such supplies means their delivery is
difficult to plan for, leading to the use of high-emitting
vehicles, which can include taxis. Urgency means that
medicines and medical supplies can be transported
alone, with the delivery potentially taking up the
same road space and contributing a similar scale of
emissions that a full delivery vehicle would.

What is the engineering
innovation?

A solution to this problem has been pioneered by
healthcare logistics company Apian, which uses
drones to reduce the reliance on road transport when
delivering medicines, devices, or blood to patients.®

Apian is closely linked with the NHS, originating

from the NHS Clinical Entrepreneur Programme,#”!
and received funding from the NHS-backed SBRI
Healthcare programme in 2023.14¢! Since 2020, Apian
has developed a software platform that connects
hospitals and trusts across the NHS to a network of
drones to deliver supplies. This aims to simplify the
complex network of healthcare logistics and provide
a platform that allows clinicians to place orders

for medications, clinical items, or sample transport
and efficiently organise their delivery through a
drone operator.

In recent years, Apian has proven this conceptin
multiple settings:

Isle of Wight trial, the world's first chemotherapy
flight by drone: Cancer patients in the Isle of

Wight are dependent on mainland UK for a range of
chemotherapy medicines. Traditionally, this relied on
a combination of ground couriers, ferries, and taxis
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Faster deliveries to more patients
with fewer emissions

to deliver treatments from Portsmouth to St Mary's
Hospital on the island. The potential for disruption
along this route is significant, which, due to the short
shelf-life of chemotherapy drugs, can lead to wasted
supplies. Using drones to transport these drugs
reduces the four-hour end-to-end journey to as little as
30 minutes, saving staff time and minimising waste.*9!

Northumberland drone trial: Between February and
May 2023, Apian partnered with the Northumbria
Healthcare NHS Foundation Trust to deliver oncology
pathology samples for analysis, medical devices, and
medical posts. This trial demonstrated the ability of
drone delivery to reduce the time pressure on teams
to take samples at rural hospital sites and deliver them
by ground transportation while lowering the Trust's
carbon footprint.’5®

Impact

So far, much of Apian's work has focused on proving
that drones can safely fly sensitive materials, such as
medications, pathology samples, and blood packs.
This has been achieved with a high degree of success
across all projects, all while providing on-demand
delivery that leads to 94-98% lower CO, emissions
than standard ground transport.® This near total
elimination of delivery carbon emissions is possible
due to three factors: electrification, which is difficult
to achieve across an existing ground healthcare
delivery fleet; direct flight paths, reducing the
distance travelled for delivery; and minimal energy
use, with drones requiring far less energy to carry out
the same delivery as even electric cars or vans.

During Apian’s 2023 Northumberland project, drones
flew a total of 11,267km, spending 120 hours in the

air. During this relatively short project, 1480kg of CO,
emissions savings would have been possible through
drone delivery compared with normal delivery routes.

Further benefits from the Apian platform are
expected, such as a reduced burden on staff through
the integration of on-demand delivery into clinicians’
existing workflows; a reduction of vehicles on the
road, leading to reduced congestion in cities; and the
use of stock centralisation to minimise waste and cut
trusts’ costs by allowing them to bulk purchase and
ship products.

Transforming healthcare
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Challenges

The main challenges faced by the Apian team are
related to regulation and public acceptance. Aviation
regulation is currently being developed to allow the
integration of drones into the UK's airspace, in line
with the Airspace Modernisation Strategy,’*? as while
the sky is less congested than the roads in the UK,
competition for use and risk of collision can present
problems.

Apian has engaged extensively with the Civil Aviation
Authority (CAA), which regulates civil aviation in the

UK, to plan each of its projects. This has led to the
introduction of temporary danger area (TDA) airspace
closures on previous projects. Applications for
airspace closures have led to complaints from others
using the airspace,®® which have been addressed
through engagement with the local aviation community
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and subsequent adjustment of the TDA. Balancing
safety in a shared airspace will be key to implementing
this engineering innovation within the NHS.

What are the next steps?

After proving that drones can successfully deliver
blood, chemotherapy drugs, and medical devices, the
next step and challenge that Apian faces is growing
the NHS's drone delivery network. This will involve
further trials in Northumberland in 2024 to build on
learnings from the first trial.

Apian hopes that further proof that drone delivery in
healthcare can be successful will lead to an increase
in the number of participating trusts across the UK,
which it hopes will lead to patient, staff, and climate
benefits everywhere.
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Case study

2

Path Feel
Prevention of
foot ulcers to
reduce patient
travel and
clinical waste

Telemedicine, the practice of using telecommunications
technology to remotely diagnose and provide
therapeutic interventions to a patient, could provide
huge carbon emission savings for healthcare. This

is primarily through a reduction in transport-related
emissions, which currently make up 14% of the NHS's
Carbon Footprint Plus, with patient travel responsible
for around a third of this.*3% The ability of engineering
innovations to remotely diagnose patients, ideally to
prevent them from developing a condition in the first
place, is the concept pioneered by Walk With Path
through the development of its Path Feel insoles.’®

What was the problem faced?
Diabetic peripheral neuropathy (DPN) is a common

symptom associated with diabetes mellitus.®**Damage
to blood vessels through high blood glucose levels
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in diabetic patients can lead to nerve damage, which
results in a loss of sensation, particularly in bodily
extremities such as the feet. This leaves patients
experiencing DPN at high risk of foot damage. For
example, they may not notice an open wound due

to stepping on a sharp object or a blister caused by
poorly fitting footwear. The lack of awareness of this
damage can quickly lead to the blister worsening and
potentially developing into a diabetic foot ulcer (DFU),
the lifetime incidence of which could be as high as
25% among diabetes patients.’®

Due to the nerve damage already existing in a
patient with DPN, ulcers can take a long time to heal,
with only 50% of ulcers healing within 12 weeks.5”
A severe outcome of a DFU is foot amputation, and
DFUs are one of the main causes of non-traumatic
lower limb amputation worldwide.’®® In England

and Wales, the National Diabetes Foot Care Audit
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(NDFA) 2021 found that almost one in five patients
presenting with a severe ulcer were either dead

or had undergone amputation within one year.!s®
Indeed, the five-year mortality rate for patients with
a DFU is 30%, rising to 56% for patients who have
undergone a major amputation. 606"

As well the significant personal and health risks
for patients who develop DFUs, the cost to the
healthcare system and associated environmental
impacts are also great. One environmental impact
relates to check-ups and wound redressing, which
occur multiple times per week throughout the
treatment process.®"In 2019, it was estimated
that the healthcare cost of DFUs approaches £1bn
per year for NHSE.6? Regular trips to a clinician to
redress wounds also contribute to the NHS's patient
travel carbon footprint, which makes up 5% of the
organisation’s Carbon Footprint Plus.

What was the engineering
innovation?

The NDFA report found that catching DFUs early
is key to preventing severe ulcers and improving
12-week outcomes,®® which will lead to reduced
pressure on trusts and less NHS-related traffic on
the roads. Walk With Path's Path Feel insoles act
on this and help to prevent DFUs from occurring
in the first place.

The insoles detect elevated plantar pressure and
temperature and provide feedback through an app.
They also provide haptic feedback to the feet to
improve walking, as balance is hindered and the
risk of falling is also increased in DFU patients. The
app informs users when high pressure has been
detected on a specific part of their foot, prompting
them to check their feet and resolve the issue.
Temperature checks sense areas of inflammation
and can identify potential DFU risk areas before they
develop. Additionally, the app connects patients to
a dashboard that their clinicians can also access,
creating an open communication channel between
patient and clinician, thus reducing the need for
patient travel for face-to-face visits.
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Impact

The end goal of Path Feel is to reduce the incidence
of DFUs and thus reduce NHS-associated travel

and use of disposable wound dressings. Since its
invention, Path Feel has been tested extensively, with
a host of benefits realised. These include carbon
savings, clinical benefits for patients, and even
promising health economics data. With preliminary
data used in a draft health economic model, it was
found that for every £1 spent on the solution, £20 will
be saved by the NHS trust in which it is used.

Challenges

The main challenge faced by Walk With Path, as well
as by many other innovative companies looking

to positively impact healthcare, is funding. The
costs associated with prototyping and efficacy
studies are very high, particularly as timeframes
are long. The NHS's funding model is such that
even when a product like Path Feel passes multiple
rounds of testing and funding, its uptake is by no
means guaranteed. Lower-value procurement is
controlled at the trust level, and funds are correctly
placed under a high level of scrutiny. Therefore,

the continuous challenge for small companies
such as Walk With Path is to secure funding for the
next stage of development, hopefully to bring their
innovations to market.

This challenge is reflected in the findings of the

SBRI evaluation, which identified a ‘lack of clear
guidance on how to achieve the clinical validation
required for adoption into the NHS" and ‘complex and
bureaucratic procurement systems' as reasons that
companies can have success in the competition but
still find adoption into the system a challenge.!®

What are the next steps?

In recent years, Walk With Path received Phase One
funding from SBRI Healthcare. This initial funding
allowed for proof-of-concept trials to take place, which
were a success. The next stage for the company will
be to undertake further funding cycles with SBRI
Healthcare, with the goal of roll-out across the NHS.
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3 in healthcare

What problem was faced?

Anaesthetic gases contribute towards 2% of NHS
England's carbon footprint,? 75% of which comes
from nitrous oxide,’*¥ a powerful ozone-depleting gas
that persists in the atmosphere for over 100 years.

Nitrous oxide has two primary uses in healthcare:

i) alongside other drugs to provide general
anaesthesia and

ii) as an analgesic, when it is combined with
oxygen to form ‘gas and air’, commercially
known as Entonox.

In both these uses, a high concentration of nitrous
oxide is expelled straight into the surroundings.’®®
Nitrous oxide used in healthcare is generally stored in
‘manifolds’, a collection of large cylinders containing
the gas that is connected to a system of pipes that
supplies rooms in a facility. These manifolds and
associated pipe networks have been shown to be
prone to leakage, with the National Nitrous Oxide
Project showing that nitrous oxide waste averages
95% across nitrous oxide manifolds at 16 sites.!®®

Nitrous oxide emissions could be markedly

reduced by reviewing its use in anaesthetics and by
decommissioning existing manifolds and replacing
them with local cylinders. Anaesthetists have already
dramatically reduced how much nitrous oxide is

used for general anaesthesia, as there are alternative
options that do not disadvantage patients. However,
reducing Entonox use further is much more difficult.
Entonox is used across a range of medical procedures,
particularly for women in labour. As Entonox is safe
and relatively non-invasive, it is the most popular
form of pain relief used in maternity care, including for
home deliveries. There are currently no reasonable
alternatives for this use case.l®” !

To achieve the reductions necessary to reduce the
environmental harm associated with nitrous oxide and
achieve the NHS Net Zero ambition for anaesthetic
emissions, Entonox’'s mechanism of use by patients
must be evaluated. Elegant Design and Solutions Ltd
(EDaS), a company that uses engineering approaches
to design sustainable solutions to a range of
humanitarian challenges, has looked to address this.
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Cutting nitrous oxide emissions

What is the engineering
innovation?

During the Covid-19 pandemic, large supplies of
oxygen were used by ventilators supporting patients
who were severely ill with the virus. Much of this
oxygen was expelled by patients as they breathed out,
going to waste in the surroundings, contributing to
local supply issues arising from massively increased
demand. As part of a team led by Martin Stanton, a
UK diving rebreathing expert, Ed Pennington-Ridge,
founder of EDaS, helped develop a rebreathing
device for recycling oxygen in a patient's exhaled
breath, greatly reducing oxygen consumption in
hospital wards.

This work inspired Ed to apply this technology to
nitrous oxide mitigation, and he developed a device
called Envirolieve™. Envirolieve first ‘primes’ the user
with Entonox before switching to a rebreathing device
to maintain the supply and prevent losses into the
surrounding environment.

Impact

The scale of Entonox use across the NHS is so great
that EDaS predict that Envirolieve™ could reduce

the health service's greenhouse gas footprint by

at least 1%. Such an impact from a single device

is unprecedented and should, with the help of
alternative mitigations like cracking technology, make
Entonox manifolds in hospitals a feature of the past.

Challenges

Rebreathing devices are widely used in hospitals,
meaning Envirolieve™ does not receive the level of
scepticism other new medical devices may encounter
and will require little training for use. Such insights
have been provided to the engineers at EDaS by
healthcare experts such as Professor Rob Sneyd,
Emeritus Professor of Anaesthesia at the University
of Plymouth, and anaesthetist and intensive care
doctor Professor Ramani Moonesinghe OBE,
Professor of Perioperative Medicine at UCL as well
as Ed's business partner and wife. Combining the
knowledge and skillset of healthcare professionals
and engineers was valuable in the creation of
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Envirolieve™ and provides an inspiring example of
how cross-disciplinary collaboration can rapidly lead
to ground-breaking developments.

Some technical challenges were posed by the design
of Envirolieve™. Initial trials showed that the rise time
of nitrous oxide was slower than anticipated, meaning
a normal rebreathing device would be ineffective.

To counter this, Envirolieve™ first primes the patient
to a nitrous oxide level of 40%, after which it then
switches over to a rebreathing mechanism. This is a
novel system and uses mechanical controls, without a
need for electronics.

The route to market for Envirolieve™ seems to be well
established. The main obstacles left to overcome

are regulatory, which all new medicines and medical
devices must pass to enter the market. These can
take many months or years to navigate. A fast-

track system, such as the one that was in place for
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medical devices during the Covid-19 pandemic,
could be implemented for solutions that tackle urgent
environmental problems, such as Envirolieve™.
Healthcare professionals are calling for the climate
emergency to be treated as a healthcare emergency,
strengthening this argument.®®

What are the next steps?

So far, EDa$S has received two SBRI Healthcare grants
for this work, initially to design a prototype and

then to scale up production and testing. The rapid
success of Envirolieve™ and the appetite of the NHS
and industry to reduce nitrous oxide waste makes

it likely that Envirolieve™ will be used across the
health service within the next few years. In fact, EDaS
has been able to partner with NHSE's main Entonox
supplier, BOC, to plan for Envirolieve™'s roll out.
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4 Tackling single use textiles using a zero
waste process

What problem was faced?

Medical equipment, including regulated medical
textiles, makes up a tenth of NHS England's emissions
according to its Carbon Footprint Plus.™ The impact
of healthcare's reliance on single-use equipmentin
particular was perhaps best highlighted during the
Covid-19 pandemic. Between April and September
2020, the production, transport, and waste treatment
of face masks is estimated to have resulted in an
additional 2.4-5.7 million tonnes of carbon dioxide
being emitted across the EU, with a further 1.5 million
tonnes from single-use gloves.’™ In England, one life
cycle assessment found that personal protective
equipment (PPE) used in the first six months of the
pandemic led to the release of 106,478 tonnes CO e,
nearly 27,000 times the average person's carbon
footprint over a six-month period.'72

What is the engineering
innovation?

These estimates provide an indication of the threat
posed by single-use medical textiles to creating a
sustainable healthcare system, causing the NHS to
highlight such materials as an area for concern in its

Net Zero plan, with made-for-reuse medical equipment
suggested as a solution. Revolution-ZERO has been
addressing this gap by utilising circular economy
principles to displace single-use textiles with even
safer, reusable alternatives that make an immediate
impact across healthcare systems.

Revolution-ZERO has engineered a circular system
for the design, manufacture, processing, repurposing,
and recycling of medical textiles, ranging from sterile
gowns and surgical drapes to masks, workwear, and
linen. In April 2023, Revolution-ZERO deployed its
first Net Zero targeted reprocessing facility, a
ZERO-DECON unit, at St Michael's Hospital, Cornwall,
which started processing surgical textiles for
orthopaedic operating theatres in June 2023 for

a proof-of-concept study.”?!

These ZERO-DECON units integrate Revolution-
ZERQ's reprocessing technologies, including digital
frameworks, tracking systems, training, compliance,
assurances, and modular decontamination. They can
be installed in 2-3 days, allowing for rapid scaling
across multiple sites and easy extension or relocation
depending on demand requirements. Work has

also been ongoing on the development of validated
low-temperature decontamination processes and
reusable sterile packaging capabilities.

Impact

During 2023's inaugural roll-out of a ZERO-DECON
unit, single-use textiles were replaced by Revolution-
ZERO textiles that had been co-designed with
clinicians and adopted by 10 surgical teams at St
Michael's Hospital. They were utilised in 100 large-
joint replacement surgeries from June to November
in that year.

Feedback from clinicians was positive, as were the
environmental impacts of the trial. An ISO 14040 life
cycle analysis completed by the UCL Bioengineering
Life Cycle Analysis team modelled savings of more
than 20kg CO,e per operation, and a waste audit
performed on-site found that 3kg of waste per
operation was prevented.

The Revolution-ZERO model also has the potential to
provide considerable financial savings for NHS trusts,
both directly and through minimising waste, storage,
and logistics costs. The textiles, which are registered
to be used up to 75 times, also provide supply chain
security through local processing and improved
functionality, with the potential to be manufactured
with added features depending on clinical needs.

Challenges

Decades of reliance on a single-use model within
healthcare systems presents product, infrastructure,
logistics, procurement, culture, and workflow
challenges. In addition, regulatory compliance and the
required physical reprocessing infrastructure were
potential problems for Revolution-ZERO, which has
worked with multiple NHS trusts, universities, and other
partners across the UK to address these challenges.

The modular approach of Revolution-ZERO tackles
one of the most significant barriers: the lack of
infrastructure available for reprocessing textiles in
the UK. The ability to quickly roll out decontamination
units on demand provides healthcare systems with a
method to rapidly transition to this circular economy-
based approach.

What are the next steps?

Revolution-ZERO is now raising further investor
funding to scale and spread. It has considerable

NHS engagement, including SBRI Healthcare
awards, and is continuing to develop its technologies
related to the validation of decontamination and
low-temperature wash programmes.




Challenges facing engineering in achieving

a Net Zero healthcare system

Despite early successes in implementing their green initiatives, there remain
several barriers for the health systems across all four UK nations that require
significant input from the engineering community if they are to achieve and

maintain their long-term sustainability goals.

Funding and procurement
Funding for engineering innovators

Once any company or innovator has a novel idea,
one of the first obstacles that they encounter

is funding its development. Funding technical
innovations within healthcare is no different,
with huge competition and finite funding sources
meaning that many ideas never make it past the
conceptual stage.

This is evidenced by the application success
rates seen in two popular healthcare funds for
SMEs, Innovate UK's Biomedical Catalyst and the
NHS-backed SBRI Healthcare. In the Biomedical
Catalyst's 2022 Industry-led R&D awards, the
success rate for applicants was 14%.4 The story
was similar in SBRI Healthcare's 2020/21 Phase 1
funding programme, with only 13% of applicants
receiving funding.l’®

There are multiple public funding routes available
for engineering SMEs or individuals looking to
develop a solution to the NHS's sustainability

crisis, which are outlined in the NHS-backed AAC's
'Health Technology Pathway: Navigation tool for
Innovators in England'.”®' However, the requirements
for each differs greatly and may not suit particular
applications. For example, some solutions
presented within this report are ineligible for many
grants, as they are not medical devices, despite
having potential to contribute considerably towards
healthcare's journey to Net Zero.

Funds that run competitions focusing on Net Zero
solutions have seen rapid success, such as SBRI
Healthcare, funded through the AAC, which has

run three Net Zero themed competitions since the
NHS launched its Greener NHS campaign in 2020.
"7ISuch competitions place delivering sustainability
benefits alongside patient care and have led to the
development of many of the innovations discussed
within this report, and thus they should continue to
be supported and developed.
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Alongside SBRI Healthcare, the AAC guidance
document outlines two further major public funding
options, namely Innovate UK's Biomedical Catalyst
programme!’® and calls by UK's largest health and
care research funder, the National Institute for
Health and Care Research (NIHR).”®! Previously,
NIHR has made funding calls targeted at Net

Zero healthcare solutions,®® and more of these
are encouraged. Outside of supporting SMEs to
develop MedTech to enable the NHS to achieve

its Net Zero ambition, NIHR and UK Research and
Innovation (UKRI) made a joint call in 2023, in
which they proposed the creation of research
‘hubs’ that will look to address five Net Zero
challenges facing healthcare.

N ! ’
'Q~ Recommendation

Enhanced funding mechanisms, with a specific
focus on sustainability challenges. Building on
the Net Zero-specific initiatives led by the SBRI
Healthcare programme, there is a need for more
targeted calls with a focus on sustainability

and increased encouragement for university
involvement. Capitalising on the success of
Innovate UK's Biomedical Catalyst funding,
governments should consider expanding similar
initiatives to further stimulate innovation.

Procurement

Linking innovative engineering companies and the
healthcare facilities that they aim to supply is a
complex procurement system. Even if a product has
been developed in collaboration with the NHS, such
as those funded by the SBRI Healthcare programme,
there is no guarantee for developers that their
solutions will be purchased and used within a
healthcare setting.

The AAC's Navigation Tool attempts to outline
the procurement routes available for prospective
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innovators.!”8! There are five routes available, from
directly selling to trusts to entering the NHS Supply
Chain system, which was implemented in 2017-18 to
simplify procurement in the NHS.

A National Audit Office report published in early
2024 on NHS Supply Chain’s efficiency concluded
thatitis not fulfilling its potential and that ‘its
systems and processes do not work well for

its customers’, something NHS Supply Chain
recognises.? A key issue faced by Supply Chainin
achieving maximum value for money for the NHS is
that trusts are still able to negotiate separately with
suppliers, leading to variation in the prices paid by
trusts for similar items.

These problems faced by trusts make procuring
items a difficult process, and the experience is
similar for sellers, such as the innovators profiled
within this report. Just because a company has
had success with providing one NHS trust with its
device does not guarantee it will then have access
to further providers. This uncertainty regarding
procurement can take away time from developing
a product, even for companies successful in
programmes like SBRI Healthcare.

Funding for hospitals

A lack of funding for the NHS is a topic that regularly
dominates news headlines across the UK.183!

Each hospital trust must adhere to strict capital
spending limits, which means that once spending
on essential activities has been allocated, many
trusts have a limited budget left for sustainability-
related improvements. Sustainability-specific
funding opportunities, such as the Public Sector
Decarbonisation Scheme,®* offer an opportunity
outside of spending limits to make sustainable
improvements to healthcare practices, but they are
rare and highly competitive. Indeed, a 2021 survey
of 237 NHS organisations by the BMA found that
less than half (46%) of organisations surveyed had
received funding to spend on sustainability and
decarbonisation.?®

While the NHS's targets and ambition are
commendable, major investment is required by
every trust across the UK to achieve them. Some
trusts, such as University College London Hospitals,
have large research capabilities that generate
revenue on top of regular funding. There is an
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argument that such institutions should be able to
invest this self-generated revenue on improvements
to their estate and practices that have Net Zero
benefits. These hospitals could then act as proof-
of-concept sites for other hospitals in the UK and
demonstrate that investing in technologies that
cut emissions can also have positive economic
consequences through financial savings. The
funding limitations discussed here make a financial
benefit a ‘'must have' for any potential technology
relating to sustainability improvements and
emissions savings, alongside improvements in
patient care and experience.

Government must not force NHS trusts to choose
between functioning effectively and becoming
more sustainable by providing protected funding
for decarbonisation schemes. This will empower
trusts to move towards Net Zero emissions and save
money in the long term. This must be supported by
strong leadership within the NHS at the executive
level, which should mandate the implementation of
proven sustainability measures by all trusts. Only
with this dedicated financial support and clear
leadership will a behaviour change and prioritisation
of more sustainable practices occur.

L2
'Qs Recommendation

Targeted Net Zero funding for hospitals.
Hospitals are under extreme financial
pressures, and while there is a desire to
achieve Net Zero and more sustainable
healthcare systems, it is not a priority given
current constraints. If governments are
serious about achieving sustainability goals,
targeted funding for hospitals should be
prioritised to empower them to improve
existing equipment and implement innovative
novel technologies, guided by Net Zero boards
and informed by engineers. Technologies that
lead to cost savings as well as environmental
and patient benefits should continue to

be prioritised and promoted, to increase
awareness of the advantages of innovating in
healthcare. Hospitals can act as test-beds for
new low carbon technologies, but this needs
to be supported financially and by simple
procurement mechanisms.

Transforming healthcare

Regulation of MedTech

In Great Britain, medical devices are regulated
under the UK Medical Devices Regulations 2002,
which implemented a set of three EU Medical Device
Directives (90/385/EEC, 93/42/EEC, 98/79/EC).
186.87.881 This means that the current route to market
for a medical device developed in the UK is based
on EU legislation developed over 20 years ago. In
2012, the European Commission adopted a proposal
for a new set of regulations that better reflected

the innovations in technology and science that had
occurred since the original regulation came into
force.%°%|n the years following, the UK, in particular
the Medicines and Healthcare products Regulatory
Agency (MHRA), were instrumental in updating the
regulations, which came into effect in 2021.°" As
these changes did not occur during the UK's post-
Brexit transition period, they were not automatically
retained as UK law and therefore do not apply in
Great Britain (this is not the case in Northern Ireland
under the terms of the Northern Ireland Protocol).l*?

As Great Britain did not adopt new EU regulations, in
2021 the MHRA launched a consultation that intends
to lead to the introduction of UK-specific regulations.
This process is due to resultin ‘core elements’ of a
new regulatory framework being in place by 2025.19394

For a medical device to be used on the UK market,
it must pass through the UK's regulatory process
and obtain a UKCA (UK Conformity Assessed)
marking. This is not recognised outside of Great
Britain (including in Northern Ireland), and it was
designed to replace the EU's CE marking for British
goods.®*I Recently, the UK government announced
an extension of the acceptance of the previously
accepted CE marking in Great Britain, until 2028

or 2030 depending on the device type.”®® This

is a welcome announcement and will allow for
companies that gain the CE marking to supply their
products both in the UK and the EU, although the
plan for post-2030 is unclear.

The complex regulatory landscape for medical
devices routinely presents significant and costly
challenges for engineers and innovators looking
to develop novel solutions to healthcare's
sustainability crisis. This is particularly true for
SMEs that may be relatively new to the market.
The process can be time-consuming, and itis
often cited that more stringent rules have added
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pressure on UK Approved Bodies and EU Notified
Bodies, the organisations that grant certification of
medical devices in the UK and EU.®' While the MHRA
announced three new UK Approved Bodies to certify
devices,®® waiting lists are long, and the same
problem exists in Europe.

A shorter timeframe to obtain market approval and a
larger market share may cause companies to turn to
the US market when developing medical devices,®”!
further threatening an already declining sector in the
UK and EU, evidenced by the UK's FDI (foreign direct
investment) in life sciences nearly halving between
2021 and 2022.% Additionally, some clinicians

in Europe have warned of issues related to the
availability of medical devices, a problem that could
cause furtherissues in the future.l'%%

For some of the engineering innovations presented
within this report, the regulatory landscape is even
more complex, as they are not defined as ‘medical
devices'. Apian, profiled in Case study 1, has faced
regulatory challenges since the MHRA lacks a
regulatory framework for its product.[*™

Despite currentissues, the release of a new set of
regulations for UK medical devices in 2025 offers

an opportunity for the UK government to develop
regulations which facilitate innovation while
accounting for risk and aligning with regulations seen
elsewhere. Significantimprovements can be made

in supporting companies through the regulatory
process, a role filled for novel devices by the MHRA's
Innovation Office, which has scope for expansion.!'%?
New regulations should also consider how devices
that lie outside of current regulatory frameworks can
be supported and not stifled, as a more constructive
relationship between developers and regulators can
only lead to a more fruitful innovation space in the UK.

The Department of Health and Social Care's (DHSC)
2023 'Medical technology strategy’ was correct to
outline that "Regulatory systems have shown their
ability to respond with agility to global incidents”,
with 22 critical products receiving exceptional use
authorisation during the Covid-19 pandemic.!"°® New
regulations should explore opportunities whereby
the regulatory process can be accelerated in this
way when innovative devices are developed that
can lead to quick and sizeable wins in the NHS's
journey towards Net Zero. This should also apply to
procurement routes.
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Finally, we welcome the pilot of the Innovative
Devices Access Pathway (IDAP),['*4 launched in
2023 to provide successful applicants with support
through the whole regulatory process, including
potentially providing early engagement with UK
Approved Bodies to support UKCA marking.l'®® Such
schemes should become commonplace, particularly
when targeting key areas such as solutions that will
help healthcare move towards Net Zero.

N ! 4
'Q~ Recommendation

A streamlined regulatory process and support
for companies to navigate this. Use the current
review of medical device regulations to work
towards understanding current barriers

and simplifying regulatory requirements for
sustainability-focused innovations, learning
lessons from the Covid-19 response and
reducing the time it takes for innovations to
get to market. New regulations should lower
the regulatory burden while maintaining
world-leading safety standards, which will

be particularly beneficial to SMEs. The UK

has an opportunity to develop an innovative
and responsive regulatory system, and
regulatory bodies should work with industry-
led organisations like the Association of British
HealthTech Industries (ABHI) to guide this
development.

Workforce and skills
Embedding engineers in healthcare

"Engineers in the NHS maintain and repair a range of
equipment and facilities from ambulances to dialysis
machines to air conditioning units. All are vital to a
high-quality NHS."t"o¢!

This quote, taken from the NHS's website, highlights
the key role of engineers within healthcare to
maintain and repair the vast quantity of equipment on
which modern healthcare relies. The NHS employs
biomedical engineers to maintain and manage
medical equipment; plant maintenance engineers

to ensure water, electrical systems, and boilers are
operational within healthcare units; prosthetics
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engineers to create and maintain artificial limbs;
and building services engineers to oversee the
installation and maintenance of systems within
buildings. In addition to those who maintain and
repair equipment and facilities, a far smaller number
of engineers are employed to work on the area of
novel device design in healthcare settings alongside
clinical colleagues,!"®”! positions that we believe
must be increased in number, as they are vital to

the development of innovative solutions to specific
conditions.

Such collaboration should extend to the top of NHS
trusts, with the IMechE having previously called for
each trust to employ a chief engineer to encourage
best practices in procurement and oversee the
maintenance and use of medical equipment.!'0810°]
Such arole has arenewed importance in the context
of the NHS's Net Zero mission, where engineers

at decision-making levels would assist trusts in
making efficient and financially viable decisions

on sustainability strategies by utilising technical
expertise and systems-thinking approaches.

N ! 4
,Q\ Recommendation

Facilitating engineering innovation within
healthcare settings. The NHS should explore
further opportunities for clinical engineers
employed by the NHS to work closer with
colleagues in hospitals as part of the clinical
team and develop tailored solutions to Net
Zero challenges. This should be supported
with the provision of further roles for engineers
at the decision-making level of healthcare
organisations, where they can provide
technical expertise and oversight to support
healthcare's Net Zero transition. This is already
occurring in some settings, but a consistent
approach across healthcare is required.

Transforming healthcare

Workforce size

Healthcare's journey towards Net Zero relies on
technology. This may be through engineering
innovations that tackle a particular Net Zero problem
or through the installation of new, lower-emitting
heat sources. In England, there are currently not
enough engineers working directly in the NHS to
maintain such technologies and achieve the goals of
sustainability programmes in the long term. Surveys
of the Medical Physics and Clinical Engineering
(MPCE) workforce by the Institute of Physics and
Engineering in Medicine (IPEM) support this claim.
Their work revealed that the workforce must grow
by 44% to function effectively and that 24% of

the current MPCE workforce is close to reaching
retirement age.!"®

Despite this, the MPCE profession was not
mentioned in NHSE's 2023 Long Term Workforce
Plan."1"21 Recognition of clinical engineering in
such publications is essential if the shortage of
clinical engineers is to be addressed and the NHS
is to achieve its key goals, including its Net Zero
targets. Workforce planning and mandated targets
for clinical engineering positions in healthcare,
supported by sufficient funding and the creation
of new roles where necessary, will enable clinical
engineering to develop into an established and
recognised profession within healthcare, leading to
future benefits for the entire healthcare system.

Clinical engineers are also not currently eligible

for the Health and Care Worker visa.""®! The IPEM
recommends that this should be addressed, with
clinical engineers added to the list to support short-
term growth in the sector, which IMechE supports.

IMechE acknowledges that the number of engineers
inthe UK is a threat to nearly all sectors, not just
healthcare, with all major engineering specialisms
being listed on the Home Office’s shortage
occupations list."* Coordinated action on the part
of government, professional engineering institutions
(PEls), and academia is required to increase the
number of qualified engineers in the country. In
healthcare, itis the responsibility of healthcare
providers to work with these actors on this and
provide enough high-quality engineering positions
within their organisations, with a flexible array of
entry routes. There is no doubt that without this
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action and aresulting increase in the number of
engineers employed by healthcare providers, that
Net Zero goals in healthcare will not be achieved.

L,
'Q~ Recommendation

Workforce planning in collaboration with
professional engineering institutions to
assess the current and future needs of clinical
engineers within hospitals to support the
integration of new technologies.

Entry routes

Engineers enter the NHS through various pathways.
This includes applying for posts using an accredited
engineering qualification, after which engineers can
apply for the NHS Scientist Training Programme
(STP). The STP provides some successful
candidates with the opportunity to complete a
postgraduate master’'s programme alongside their
three-year training programme, during which they
can specialise as a clinical engineer.l'™!

The NHS also runs its Practitioner Training
Programme (PTP), which provides clinical engineer
routes for applicants.l"® Individual NHS hospitals
also offer apprenticeship and training programmes
at multiple levels, including some in engineering
disciplines.l""”

While available routes into hospitals exist for
engineers, they lack coordination and consistency
across different settings, with a lack of uniform
recognition of engineers within the NHS. Engineers
are often assigned to non-clinical departments,
operate at varying levels of authority, and have
limited input into critical decision-making. The NHS
should build on the popularity of the STP and PTP
by boosting engineering options in such schemes,
with only 10 clinical engineer posts available

in the 2024 STP."® More generally, healthcare
providers must work with academic institutions
and professional bodies to promote engineering
opportunities within hospitals by improving the
visibility of the sector through outreach initiatives,
mentoring opportunities, and learning and
development courses.
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,Q Recommendation

Promoting and enhancing pathways to
biomedical engineering careers through
ajoined-up approach to training and
progression. Healthcare providers should
continue to develop their apprenticeship,
T-level, and training opportunities for
engineers and provide attractive and
uniformly recognised roles across healthcare.
They should be supported by professional
engineering institutions, who should work with
the National School of Healthcare Science

to actively promote biomedical or clinical
engineering as an attractive and exciting
career opportunity to implement problem-
solving skills in a high-impact sector.

Sharing knowledge and success

Historically, entrenched approaches to innovation
have resulted in resources being wasted on
unsuitable or poorly specified devices and
processes. In some cases, technology is being
incorrectly used or disposed of because it fails to
meet the needs of clinicians and patients.

By introducing opportunities for engineers to
engage with clinicians, this behaviour can be
disrupted, collaboration can be encouraged, and
efficient management of technologies can be
developed. With this first-hand direct insight into
the challenges faced by healthcare providers,
engineers can develop solutions tailored to
address specific needs.

Linking the NHS to external engineering expertise

As well as creating additional jobs for engineers
within healthcare organisations, further
collaboration should be encouraged between
engineers working in academia or industry with
clinicians working in healthcare settings. This should
be facilitated by healthcare providers, who should
provide opportunities for engineers to engage
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with their staff to understand the key sustainability
challenges facing their facilities and provide
solutions to them. Combining engineers’ technical
knowledge and ability to employ systems-thinking
approaches with clinicians' medical expertise is an
effective method to tackle the key sustainability
questions in healthcare, as demonstrated by Case
study 3, where collaboration between healthcare
experts and engineers has enabled the development
of a ground-breaking solution to a key Net Zero
challenge.

An example of how collaboration can be structured
was seen in 2022, when the Health Innovation
Network University College London Partners invited
experts from academia and the NHS to a series

of 'sandpit’ events, where they were challenged

to 'develop novel projects which could produce
actionable evidence and break down the barriers

to decarbonising the NHS estate'""® Following the
event, a selection of submissions were selected

for funding from Greener NHS. Events such as
these should be explored by trusts around the

UK, particularly larger ones with academic links,
ensuring that industry partners are involved. Health
innovation networks provide a strong framework
for facilitating further events, with an opportunity to
focus these events on engineering challenges. This
will require funding in order to be successful as well
as strong knowledge-sharing capabilities to ensure
that the benefits are shared throughout the country.

King's College London is also helping to facilitate
engineering innovation in healthcare by opening
the London Institute for Healthcare Engineering
(LIHE), the 'first MedTech venture builder in the
UK'"20 The LIHE, opening in 2024, aims to bring
together academic experts, MedTech companies,
and clinicians from Guy's and St Thomas' NHS
Foundation Trust to ensure healthcare engineering
research is rapidly translated into products used in
the NHS. We acknowledge that such developments
are unrealistic for most healthcare providers around
the UK, but we believe that the LIHR can be used as
a model of how to facilitate collaboration between
academia, the healthcare sector, and industry.

Transforming healthcare

N ' ’
'Qs Recommendation

Creation of opportunities for engineers

in industry and academia to engage with
healthcare settings and work alongside
clinicians to gain a first-hand understanding
of the challenges faced by healthcare
providers and develop innovative solutions
that directly address the unique needs of
the healthcare sector. In the first case, this
could involve sandpit events and workshops,
following the example set by some health
innovation networks, and supported by NHS
trusts, professional engineering institutions,
and universities.

Establishing the channels of communication

Once engineering solutions have been developed
and trialled in one location, the sharing of best
practices, lessons learned, and further collaboration
will help distribute the innovation and solution
between trusts. Currently, communication channels
between trusts and NHS organisations are limited,
so thisis being hindered. There is a need for
collaborative platforms, inspired by successful
models like the Nordic Center for Sustainable
Healthcare, to share best practices and case studies
across the sector.['?"

N ! ’
'Qs Recommendation

Creation and implementation of a centralised
knowledge-exchange platform to facilitate
the seamless exchange of knowledge and
best practices between hospitals and
industry. This will serve as an opportunity to
share success stories, lessons learned, and
collaborative opportunities and prevent the
duplication of efforts.
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Support for industry to adopt
sustainable practices

With over 60% of carbon emissions in the NHS
Carbon Footprint Plus in England occurring in the
supply chain, there is a significant opportunity for
decarbonisation.!'?? Suppliers will only be able to
qualify for NHS contacts if they comply with the
NHS Net Zero Roadmap.'?¥ In April 2024, a tiered
approach will be introduced. A full Carbon Reduction
Plan (CRP) will be required for high-value contracts
(E5m per annum), and a Net Zero commitment will

be required for lower-value contracts. !> Since April
2022, there has been a requirement to provide a
CRP or Net Zero commitment in addition to a
minimum 10% weighting on Net Zero and social
value in NHS procurements.

The diversity of industries and sectors contributing
to the supply chain, each with a unique set of
processes, technologies, and environmental
impacts, adds to the challenge of decarbonisation.
These challenges are not solely technological

but also involve reshaping established practices,
fostering innovation, and navigating the potential
disruptions and opportunities that accompany

the transition to a low-carbon supply chain across
all four UK health services. Engineers have a

duty to ensure that the businesses they work for
are preparing themselves for the sustainability
requirements of healthcare providers and ensuring
that their green credentials are clear for all to see.

Consistent monitoring and reporting across the
supply chain will be critical to ensure accountability
and encourage transparency. To allow for

this, adherence to established standards and
benchmarks will be essential. There is a concern
from industry that the responsibility and pressures
will be shifted down the supply chain and onto
SMEs, many of which will not be able to navigate or
afford the monitoring and reporting requirements.
Education and awareness campaigns are needed
to support these companies in understanding the
appropriate systems and processes to effectively
measure carbon emissions and to increase their
understanding of social value.
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Moreover, the NHS providers across the UK, which
are already under substantial pressure, require
effective emission measurements and compliance
monitoring. The implementation of robust
mechanisms involving regular assessments, audits,
and reporting obligations is essential.

S
'Qs Recommendation

Incentivising sustainability practices in the
supply chain. While it is right to question the
impact of supply chains as identified in the Net
Zero Supplier Roadmap, it needs to be done in
a considered, supported, and practical manner
to ensure responsibility is not shifted down the
supply chain. The NHS should continue to work
collaboratively with industry representatives,
such as the ABHI, to understand the underlying
challenges to decarbonising the supply

chain and develop consistent monitoring
practices and tools across the supply chain

to encourage engagement, such as the
Evergreen Sustainable Supplier Assessment.

N ! ’
'Qs Recommendation

Emission measurements and compliance
monitoring. With the NHS already under
pressure, consideration of effective emission
measurements and compliance monitoring is
needed. Ideally, robust mechanisms, involving
regular assessments, audit, and reporting
obligations would be implemented. The NHS
should work with industry and the National
Measurement Laboratories to consider the
practicalities of monitoring.

Public support for green initiatives
and technologies

Support for and awareness of the impact of the
healthcare sector on the environment is diminishing.
Recent polling of public perceptions of health and
social care conducted by the Health Foundation and
Ipsos showed that while most (61%) people think the
NHS is not well prepared for climate impacts,!'?® there
is limited understanding of the impact of healthcare
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on the environment, with only 19% of respondents
agreeing that the NHS contributed to climate change.
261 The public is also less likely than in previous years
to agree that the NHS has a responsibility to reduce
its impact on climate change, and support for the
NHS's Net Zero ambition has dropped to 60%. As

the case studies in this reportillustrate, there are
many co-benefits to switching to more sustainable
options, and often patient outcomes and experiences
can be improved and costs reduced. Government,
healthcare providers, and clinicians should help to
highlight these benefits to increase support. Demand
from the public for a better and more sustainable
healthcare service willadd momentum to achieving
the targets set.

Public supportis also needed for the adoption of
new technologies that can help support treatment,
preventillness, enable early diagnosis, and empower
health management. A survey conducted by NHS
Confederation and Google Health found that many
individuals are not confident about using technology
to manage their health and have a fear they may

be locked out of healthcare if they cannot access

or use digital tools.l"?’ Health services should help
patients, carers, and the public understand how they
benefit from technologies and design services with
patients to empower them and support user uptake.

N 4

)

',QC Recommendation
Development of a UK-wide strategy, linking the
ongoing environmental crisis to patient care,
placing the environment and patient outcomes
atits core. This strategy should emphasise
the interconnection between climate change
and health, the need for urgent solutions, and
the importance of technology acceptance

by patients.

\ ! ’
':Q: Recommendation

A public awareness campaign is essential to
address the declining support and awareness
of the impact of the healthcare sector on the
environment and support the uptake of new
technologies. This could include sharing with
patients details on the carbon footprint of the
care they receive.

Transforming healthcare
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